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(54) METHOD FOR MANUFACTURING STATOR OF AC GENERATOR FOR VEHICLE AND 
APPARATUS FOR MANUFACTURING THE SAME 



(5/) The object of the present invention is to provide 
a method and an apparatus for manufacturing a stator 
to improve accuracy in inserting conductor segments (3, 
31. 32) into slots (2). The apparatus according to the 
present invention comprises a conductor holder (21 , 22) 
holding the conductor segments (3, 31, 32) and an 
axial-moving-mechanisms (214) moving the conductor 
holder (21, 22) relative to a stator core (1) in an axial 
direction. The conductor holder (21. 22) holds straight 
portions (31b, 31c, 32b, 32c) of the conductor segments 
(3, 31, 32) to be inserted into the slots (2) from one end 
of the stator core (1). 



FIG. 9 
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Description 

1 . Field of the Invention 

[0001] The present invention relates to a method and s 
an apparatus for manufacturing an AC generator's sta- 
tor for a vehicle such as a passenger car or a truck. 

2. Prior Art 

10 

[0002] Since the AC generator for a vehicle has been 
required to be more powerful, the resistance of the sta- 
tor winding is required to be lower and lower, thereby 
reducing the length of the magnet wire. 
[0003] It is well Known that a plurality of U-shaped is 
conductor segments are respectively inserted into slots 
of a stator core in the same direction and are connected 
with each other to form a stator winding, thereby 
increasing the output power of a vehicular AC genera- 
tor, as disclosed in International Publication Number 20 
WO 92/06527 (1992). Because U-shaped conductor- 
segments can be disposed very regularly in this struc- 
ture, the slot-space factor and the output power thereof 
can be increased. 

[0004] Before turn portions of conductor segments are 25 
twisted in a manufacturing process of the above con- 
ventional structure, an annular holder 310 holds the turn 
portions 301a. 302a. 303a of the conductor segments 
301. 302. 303 as shown in Fig. 16 of the present appli- 
cation. Straight portions 301b, 302b, 303b are inserted so 
into twisting tools 311 , 312, which are twisted relative to 
the annular holder 310 in directions opposite from each 
other by an angle of T/2 (T is a pole-pitch angle). As a 
result, the straight portions 301 b, 302b, 303b of the seg- 
ments 301 , 302, 303 are twisted at T/2 as shown in Fig. 35 
17. 

[0005] Because the annular holder 310 holds entire 
arc portions of the turn portions 301a, 302a, 303a of the 
segments 301 , 302. 303. the coil ends becomes longer 
than coil ends formed without using the annular holder 40 
310. That is, the wire length becomes longer. 
[0006] In this conventional method, when the seg- 
ments 301 , 302, 303 are inserted into the slots, the seg- 
ments 301 , 302. 303 are held by the annular holder 310 
at the turn portions 301a, 302a, 303a. The straight por- 45 
tions 301b, 302b, 303b are inserted into the slots with 
only the turn portions 301a. 302a, 303a being held. 
[0007] In this method, the segments 301 . 302, 303 are 
held only at the turn-portions 301a, 302a, 303a dis- 
posed on the end of the stator core opposite the end so 
from which the segments are inserted into the slots. 
Therefore, the straight portions 301b, 302b. 303b can 
not be positioned accurately, and the segments 301, 
302 303 may collide with the slot-inner-walls to be dam- 
aged when the conductor segments are inserted into ss 
the slots. If the number of slots increases, the distance 
between the slots decreases, and higher accuracy is 
necessary to the method. However, it is difficult for this 



method not provide such high accuracy. 
3. Detailed Description of the Invention 

[0008] The present invention is made to solve the 
above problems and to provide a method and an appa- 
ratus for manufacturing a stator that improves the accu- 
racy in inserting the segments into the slots. 
[0009] The present invention is to provide a method 
and an apparatus for manufacturing a stator that 
reduces damages to the segments, and which form the 
short coil ends. 

[0010] The present invention is also to provide a 
method and an apparatus for manufacturing a stator 
that has short coil ends. 

[001 1 ] To achieve the above objects, there is a feature 
characterized by including a conductor holder (21, 22) 
holding conductor segments <3, 31, 32) and an axial- 
moving mechanism (214) which moves the conductor 
holder (21 , 22) in the axial direction relative to a stator 
core (1). The conductor holder includes a guide guiding 
straight portions (31b, 31c, 32b t 32c) of the conductor 
segments (3, 31, 32) inserted into the slots (2) in an 
axial direction. 

[001 2] Because the guide guides the straight portions 
of the conductor segments (3. 31. 32) inserted into the 
slots (2), the positioning-accuracy can be improved 
compared with a method in which only one end of the 
turn-portion is held. As a result, the conductor segments 
( 3, 31. 32) are prevented from being damaged by their 
collision with the slot-inner-walls. The guide of the con- 
ductor holder (21 , 22) is a member guiding straight por- 
tions (31b, 31c, 32b, 32c) of the conductor segments (3, 
31, 32) into the prescribed positions. The guide can be 
integrated into a conductor holder which holds and 
moves the straight portions (31b, 31c, 32b, 32c) of the 
conductor segments ( 3. 31 , 32), or into a guide member 
which guides the conductor segments (3, 31 , 32) in a 
inserting step. 

[0013] It is preferable, to improve positioning-accu- 
racy, that the conductor holder (21, 22) guides the 
straight portions (31b. 31c, 32b. 32c) at portions adja- 
cent to an end of the stator core (1 ). 
[0014] The conductor holder (21, 22) includes a cir- 
cumferential guide (21 id, 21 1e) which guides opposite 
sides of the straight portions (31b, 31c. 32b, 32c) in the 
circumferential direction of the stator core (1). 
[001 5] Because the circumferential guide restricts the 
circumferential movement of the conductor segments 
(3.31. 32). the conductor segments (3. 31 , 32) are pre- 
vented from colliding with inner-walls of the slots (2). 
[0016] The conductor holder (21. 22) comprises a 
radial guide (21 1c. 221) which guides opposite sides of 
the straight portions (31b. 31c, 32b. 32c) in the radial 
direction of the stator core (1). 

[001 7] Because the guide restricts radial movement of 
the conductor segments (3, 31 . 32), the conductor seg- 
ments (3, 31, 32) can be prevented from colliding with 
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the radially inner-walls of the slots (2). 
[0018] The circumferential guide (21 1d, 21 1e) and 
radial guides (21 1c, 221) move in the radial direction of 
the stator core (1). 

[0019] The conductor holder (21 , 22) holds the plural 
conductor segments (3, 31, 32) at the same time. 
[0020] The circumferential -directional guide portions 
(21 id, 21 1e) and the radial-directional guide portions 
(21 1a, 221c) can be moved in the radial direction. 
[0021 ] Because a plurality of conductor segments (3, 
31 , 32) are held and inserted simultaneously, manufac- 
turing efficiency can be improved. 
[0022] A presser (16) can be added to press-fits the 
conductor segments (3, 31 , 32) into the stator core (1) in 
the axial direction of the stator core (1). 
[0023] Therefore, the conductor segments (3, 31 , 32) 
can be inserted into the slots and position the same as 
desired. 

[0024] The conductor segments (3 t 31 , 32) are prefer- 
ably U-shaped, and the presser (16) comprises a cir- 
cumferential supporting portions (16a) restricting turn 
portions (31a, 32a) of the conductor segments (3, 31, 
32) to move in the circumferential direction of the stator 
core (1). 

[0025] In this structure, because the circumferential 
supporting portions (16a) sandwiches the turn portions 
(31a. 32a) at the middle between opposite circumferen- 
tial sides, the circumferential movement of conductor 
segments (3, 31, 32) can be restricted. The circumfer- 
ential supporting portions (16a) prevents the circumfer- 
ential movement of the conductor segments (3, 31 , 32) 
so that the conductor segments (3, 31,32) can be pre- 
vented from colliding with the circumferential inner- walls 
of the slots (2) when the same are inserted into the slots 
(2). 

[0026] The circumferential holder (16a) has a projec- 
tion disposed on a surface of the presser (16) in contact 
with the turn portions (31a, 32a) of the conductor seg- 
ments (3. 31. 32). 

[0027] An axial holder (24) is further included at an 
end of the stator core opposite the presser (16) to hold 
edge portions (31d, 31 e. 32d. 32e) of the conductor 
segments (3, 31, 32) in an axial direction when the 
presser (16) presses down the conductor segments (3, 
31. 32). 

[0028] When the presser ( 16. 23) presses down the 
conductor segments (3. 31. 32), both the turn portions ( 
31a, 31b) and the edge portions (31d, 31e, 32d, 32e) 
are restricted. Therefore, the conductor segments (3, 
31. 32) can be inserted into the slots (2) evenly with 
both the inner and outer segments thereof. Therefore, 
the straight portions (31b. 31c. 32b. 32c) of the conduc- 
tor segments (3, 31, 32) can be prevented from being 
damaged in the slots (2). 

[0029] The apparatus for achieving the above object 
includes a first turning tool (11) which holds one straight 
portions (31b, 32b) of the U-shaped conductor-seg- 
ments (3. 31, 32), a second turning tool (12) which 



holds the other straight portions (31c, 32c) of the U- 
shaped conductor-segments (3, 31, 32) and turns rela- 
tive to the first turning-tool (11). and a circumferential 
holder (16a) which holds middle portion of the turn por- 
5 tions (31a, 32a) of the U-shaped conductor segments 
(3, 31, 32) and restrict circumferential movement of the 
turn portions (31a, 32a). 

[0030] When the turn portions (31a, 32a) are twisted, 
the circumferential supporting portion (16a) holds only 

io the radially middle portions of the turn portions (31a, 
32a) only in the circumferential direction. When the 
straight portion (31b, 31c, 32b, 32c) of the U-shaped 
conductor segments (3, 31, 32) are widened in the cir- 
cumferential direction, only the middle portions of the 

75 turn portions (31a, 32a) are fixed so that the both sides 
of the turn portions can be bent smoothly in the curved 
line. 

[0031 ] The U-shaped conductor-segments (3,31, 32) 
include overlapping conductor segments of different 

20 radiuses of curvature. The first turning tool (11) and the 
second turning tool (12) respectively hold straight por- 
tions (31b, 32b) extending from opposite sides of the 
turn portions (31a, 32a) of the overlapping conductor 
segments (3, 31, 32) having the different radiuses. The 

25 circumferential holder (16a) restricts circumferential 
movement of the overlapping turn-portions (31a. 32a). 
[0032] Thus, the overlapping turn portions (31a. 32a) 
can be twisted simultaneously. 

[0033] Holding holes (111. 112, 121, 122) are pro- 
30 vided in the first turning-tool (11) and the second turn- 
ing-tool (12) in the axial direction thereof to hold the 
straight portions (31b, 31c, 32b. 32c) of the conductor 
segments (3, 31 , 32). 

[0034] As many the holding holes (111, 112, 121, 122) 
35 as a number corresponding to the number of the slots 
(2) can be provided at equal intervals in the circumfer- 
ential direction. 

[0035] A method to achieve the above object includes 
a fixing step of inserting straight portions (31b, 31c. 32b, 

40 32c) of U-shaped conductor-segments (3. 31. 32) into 
holding holes (1 1 1 . 1 12, 121, 122) of a first turning-tool 
(11) and of a second turning-tool (12), a turn-portion- 
holding step of holding only a middle portion of the turn 
portions (31a, 32a) to restrict circumferential movement 

45 of the first and second turning-tools (11. 12), and a 
twisting step of twisting the first turning-tool (1 1) and the 
second turning-tool (12) relative to each other. 
[0036] When the turn portions (31a. 32a) are twisted, 
the circumferential holder (16a) holds the turn portions 

so (31a, 32a) only circumferentially and only at the radially 
middle portion of the turn portions (31a, 32a) 
[0037] When the straight portions (31 b. 3 1 c. 32b. 32c) 
of the U-shaped conductor segments (3, 31, 32) are 
widened circumferentially. only the middle portion of the 

55 turn portions (31a, 32a) is fixed so that the opposite 
sides of the turn portions (31a, 32a) can form a smooth 
curve. 

[0038] The plural conductor segments (3,31. 32) can 
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be aligned in the circumferential direction. Plural turn 
portions (31a, 32a) having different radius of curvature 
can be overlapped. 

[0039] Thus, the turn portions (31a. 32a) of the plural 
conductor segments (3, 31 , 32) can be twisted simulta- 
neously. 

[0040] The method of achieving the above object 
includes a holding step of holding U-shaped conductor 
segments (3, 31 , 32), an inserting step of guiding and 
inserting straight portions (31b, 31c, 32b, 32c) from 
edge portions (3 id, 31 e, 32d, 32e) thereof into slots (2), 
and a press-fitting step of press-fitting the U-shaped- 
conductor segments (3, 31 , 32) into the slots (2) at turn 
portions (31a, 32a) thereof. 

[0041] Because the conductor segments are guided 
into the slots at portions adjacent to the slots, higher 
positioning-accuracy can be obtained as compared with 
turn portions supported only at the turn portions (31a, 
32a). As a result, the conductor segments can be pre- 
vented from colliding with the inner-walls of slots, 
thereby preventing damages. 

[0042] The inserting step restricts movement of the 
turn portions (31a, 32a) of the U-shaped conductor seg- 
ments (3. 31 , 32) in the circumferential directions of the 
stator core (1). 

[0043] The press-fitting step includes a step of 
restricting movement of the turn portions (31a. 32a) at 
the middle thereof. 

[0044] Therefore, the conductor segments (3. 31, 32) 
can be prevented from shifting in the circumferential 
direction when the same are inserted in to the slots (2) 
so that the same can be prevented from colliding with 
the inner walls of the slots (2). 

4. Brief Description of the Drawing 

[0045] 

Fig. 1 is a perspective view of a stator core, insula- 
tors and segments of a stator according to a pre- 
ferred embodiment of the invention; 
Fig. 2 is a perspective view of segments before 
twisting; 

Fig. 3 is a perspective view of a twisting tool for 
turn-portions; 

Fig. 4 is a cross-sectional view of the twisting tool 
for the turn-portions; 

Fig. 5 is a fragmentary cross-sectional view of the 
segments and a segment pressor ; 
Fig. 6 is a perspective view of twisted segments; 
Fig. 7 is a schematic view illustrating a step of tak- 
ing the segments out of the twisting tool; 
Fig. 8 is a schematic view illustrating the segments 
held by an outer side holder and an inner side 
holder; 

Fig. 9 is a schematic view illustrating a step of 
inserting edge portions of the segments into the 
slots; 
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Fig. 10 is a schematic view illustrating a step of 
removing the conductor segments from an outside 
holder and an inside holder; 
Fig. 11 is a schematic view illustrating a step of 
5 inserting the segments into the slots; 

Fig. 12 is a fragmentary cross-sectional view of the 
stator; 

Fig. 13 is a fragmentary perspective view of the sta- 
tor; 

io Fig. 14 is a flow diagram illustrating the steps of 
manufacturing the stator; 

Fig. 15 is a schematic view illustrating a variation of 
the step of inserting the segments into the slots; 
and 

is Figs. 16 and 17 are schematic views respectively 
illustrating a conventional apparatus for twisting the 
turn-portions. 

5. Preferred Embodiments of the Invention 

20 

[0046] A preferred embodiment of the present inven- 
tion are described in detail with reference to the 
appended drawings. 

25 (First embodiment) 

[0047] A method and an apparatus for manufacturing 
an AC generator's stator for a vehicle according to a first 
embodiment of the present invention are described in 
30 detail with reference to Figs. 1-14. Fig. 1 is perspective 
view of a stator core, insulators and segments used in 
manufacturing a stator. 

[0048] A plurality of U-shaped conductor segments 3 
(hereinafter referred to as "the segments") are respec- 
35 tively inserted into plural slots 2 formed on a cylindrical 
stator core in the circumferential direction, and edge 
portions of the segments are connected to form a stator 
winding. 

[0049] A copper wire having a rect angular-cross -sec- 

40 tion is cut into segment having a prescribed length, 
which is bent to form the U-shaped segments 3. As 
shown in Fig. ?. t there are two kinds of U-shaped seg- 
ments 3, a big segment and a small segment. The turn 
portion 32a of the big segment 32 surrounds the turn 

45 portion 31a of the small segment 31. Edge portions 
32d, 32 e of the big segment 32 have tapered surfaces 
descending from the outside to the inside thereof, and 
edge portions 3 id, 31 e of the small segment 31 have 
tapered surfaces descending from the inside to the out- 

so side thereof. 

[0050] Fig. 3 is a perspective view of a twisting tool for 
the turn portions of the segments 3. Fig. 4 is a cross- 
sectional view of the twisting tool for the turn portions. 
The twisting tool 10 for the turn-portion includes an 

55 inside-twisting member 1 1, an outside-twisting member 
12, turning mechanisms 13, 14 for turning the inside 
and outside twisting members 11, 12 respectively, a 
controller 15, a segment-presser 16. and a segment 
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pusher 1 7. 

[0051] Segment-holes 111. 112 for the straight por- 
tions 31b, 32b of the segments 3 inserted and held 
therein are formed side by side radially in the inside- 
twisting tool 11. As many (e.g. 36) segment-holes 111, 
1 12 as the number corresponding to the number of the 
slots 2 are formed in the circumferential direction at qual 
intervals. In other words. 36 segment-holes 111, 112 
are formed in a circle at equal intervals. The segment- 
holes 121, 122 of the outside-twisting tool 12 are the 
same as the holes 111, 1 12 of the inside twisting mem- 
ber n. As a result, four segment-holes 111, 112, 121, 
122 are formed in a radial line from the inside twisting 
members 1 1 to the outside twisting member 1 2. 
[0052] A pair of small and big bent segments 3 shown 
in Fig. 3 are inserted simultaneously into the segment- 
holes 1 1 1 , 1 12, 121 . 122 of the inside and outside twist- 
ing members 11, 12. 

[0053] After the segments 31, 32 are inserted into all 
the segment-holes 111, 112, 121, 122, the annular 
presser 1 6 is brought in contact with the turn portion 
32a of the big segment 32 from the upper side of the 
inside and outside twisting members 11, 12. Because 
the turn portion 31a of small segment 31 is surrounded 
by the portion 32a of the big segment 32, the turn por- 
tion 31a of the small segment 31 is pressed-down by 
the turn portion 32a of the big 32. Thus, the small and 
big segments 3 are prevented from jutting out from the 
segment-holes 111, 112, 121, 122. 
[0054] Fig. 5 is a fragmentary cross-sectional view of 
the segments inserted into the segment-holes and the 
segment presser. The segment presser 16 includes 
cylindrical projections 1 6a inserted in the axial direction 
between the adjacent turn portions 31a, 32a of the 
small and big segments 3. The projection 16a is dis- 
posed at the radially central portion of the turn portions 
31a. 32a to hold the middle of the turn portions 31a. 32a 
between the circumferentially opposite sides thereof, 
thereby to restrict the circumferential movement of the 
middle portions. 

[0055] The inside and outside twisting members 1 1 
and 12 are turned by the twisting mechanisms 13, 14 
which are respectively controlled by the controller 15. 
The inside twisting member 1 1 turns counter-clockwise 
as seen from a portion above the twisting tool 10 of the 
turn portion, and the outside twisting member 12 clock- 
wise respectively by angle T/2 ( i.e. one and a half slot- 
pitches). Thus, the turn portions 31a, 32a of the small 
and big segments 3 are twisted in the cicumferential- 
direction. 

[0056] When the turn portions 31a. 32a are twisted, 
the projection 16a does not hold the turn portions 31a. 
32a except at the radially middle portion of the turn por- 
tions 31a. 32a in the circumferential direction. When the 
straight portions 31b. 31c. 32b, 32c of the small and big 
segments 3 are widened in the circumferential direction 
in the twisting step of the side of the turn portions 31a, 
32a, only the middle of the turn portions 31a, 32a are 



fixed so that the both sides of the turn portions can bent 
smooth in a curved line. Thus, the small and big seg- 
ments 3 having twisted turn portions 31a and 32a, as 
shown in Fig. 6, can be provided. It is important that 

5 both the twisting members 11 and 12 are twisted rela- 
tive to each other. Therefore, one of the twisting mem- 
bers 11,12 can be twisted if the other is fixed. 
[0057] Steps of pulling the small and big segments 3 
having the twisted turn portions 31a, 32a out of the 

10 twisting tool 10 and inserting the same into the slots 2 of 
the stator core are described below. 
[0058] Fig. 7 is a schematic view illustrating step of 
pulling the twisted segments out of the twisting tool, and 
Fig. 8 is a schematic view illustrating the segments held 

rs by an outside holder and an inside holder. The segment 
pusher 17 is disposed under the inside and outside 
twisting members 1 1 and 12. When the segment pusher 
17 is raised, the edge portions 31 d. 31 e, 32d. 32e of the 
small and big segments 3 twisted by the twisting tool 10 

20 are pushed up in the axial direction. Accordingly, the 
straight portions 31b, 31c, 32b. 32c of the segments 31, 
32 are pulled out partially from the segment-holes 111. 
112, 121, 122. The outside and inside holders 21 and 
22 hold the pulled-out portions of the straight portions 

25 31b, 31c. 32b. 32c. 

[0059] The outside holder 21 has thin tooth members 
211 and a teeth holder 212. The teeth holder 212 is a 
cylindrical member having 36 rectangular through holes 
212a extending radially to correspond to the 36 slots of 

30 the stator core 1 . Each of the tooth members 21 1 has a 
base portion 211a having a rectangular cross-section 
and a tooth 21 1b extending radially inward from a side 
of the base portion 211a. The cross-section of the base 
portion 21 1a corresponds to the shape of the hole 212a. 

35 The base portion 211a of the teeth member 211 is 
inserted into one of the holes 212a. The tooth members 
211 can be moved in the radial direction by the driving- 
mechanism 215. 

[0060] The inside holder 22 includes plural fan- 
40 shaped inside holder member 221 and an extruder 222 
extruding the inside holders 221 in the radially outside 
direction. The radially inner end of the holder members 
221 has a surface tapering from above to below. The 
extruder 222 has a cone-shaped lower portion with the 
45 point down. 

[0061] The tooth members 211 are moved radially 
inward to insert the tooth portions 211b between the 
straight portions 31b. 31c, 32b, 32c adjacent to each 
other, which extend from the segment-holes 111. 112, 
so 121, 122. The edge of the tooth portion 21 1b is tapered, 
thereby, to be inserted easily between the straight por- 
tions 31b. 31c, 32b, 32c. 

[0062] The straight portions 31b, 31c, 32b, 32c are 
held between the inside surface 21 1d of one tooth por- 
55 tion 211b and the outside surface 21 1e of adjacent 
tooth portion 211b. Because the segments 3 are 
pushed by a length in the axial direction before being 
held by the tooth members 211, the straight portions 
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31b, 31c, 32b, 32c of the segments 3 can be held at por- 
tions lower by the same length than upper ends thereof. 
[0063] The extruder 222 can be moved up and. down 
by the driving-mechanism 223. The inside surface of the 
inside holder 221 is in contact with the cone surface of 
the extruder 222. Therefore, the holder members 221 
are moved in radially outward by downward motion of 
the extruder 222, and outside surface 221 a of the inside 
holder 221 is brought in contact with the innermost 
straight portion 32b of four segments 3 aligned in a 
radial direction, thereby pushing the straight portions 
31b, 31 c, 32b. 32c radially outward. 
[0064] On the other hand, an outside holding surface 
2llc of the tooth portion 21 1b engages with the outer- 
most straight portion 32c of the four segments 3 when 
the tooth members 21 1 move inward, thereby pushing 
the straight portions 31b, 31c. 32b, 32c radially inward. 
Therefore, the aligned four segments 3 are held by the 
outside surface 221a of the inside holder 221 and the 
outside holding surface 21 1c of the outside holder 21 in 
the radial direction. 

[0065] The outside holder 21 and the inside holder 22 
hold the straight portions 31b, 31c. 32b. 32c and move 
upward to pull the segments 3 out of the twisting tool 1 0. 
When the outside holder 21 and the inside holder 22 are 
moved upward, the inside holder 22 and a supporting- 
plate 213 of the outside holder 21 are moved by the 
driving-mechanisms 214. 224 to be synchronized with 
each other. 

[0066] Fig. 9 is a schematic view illustrating a step of 
inserting the segments into the slots of the stator core 1 
from the edge thereof; Fig. 10 is a schematic view illus- 
trating a step of removing the outer-side holder and the 
inside holder from the segments; and Fig. 1 1 is a sche- 
matic view illustrating a step of press-fitting the seg- 
ments into the slots. 

[0067] As shown in Fig. 9. the stator core 1 is 
equipped with insulators 4 and is put in an assembling 
tool 20. The stator core 1 is positioned so that each of 
the slots is disposed to be opposite to corresponding 
one of the segments 3 held by the outside holder 21 and 
the inside holder 22. The outside holder 21 and the 
inside holder 22 are lowered from a portion above the 
stator core 1 to insert the segments 3 into the slots 2 
from the edge portions 31d, 31e, 32d f 32e thereof. 
[0068] In this step, the outside holder 21 and the 
inside holder 22 hold the straight portions 31b, 31c. 32b, 
32c of the segments 3 at the lower portion along the 
length raised by the segment pusher 17. Because the 
straight portions 31b, 31c. 32b. 32c are held at the posi- 
tion near the edge portions 3 Id. 31 e, 32d, 32 e, high 
accuracy can be assured as compared to the apparatus 
supporting only the turn portions 31a. 32a. In other 
words, the holders 21. 22 are not only holders for hold- 
ing plural segments to move, but also guides for guiding 
the edge portions of segments to the openings of the 
slots 2. In the foregoing description of the present inven- 
tion, the outermost straight portion 32c and the inner- 



most 32b of the four segments 3 disposed in a radial 
line have tapered surface. Therefore, the four segments 
3 can be smoothly inserted into the slots 2. 
[0069] When the straight portions 31b. 31c, 32b, 32c 

5 of the segments 3 are inserted into the slots 2. both the 
circumferential sides of the turn portions 31a. 32a are 
supported by the projections 16a of the segment pres- 
sor 16. Therefore, the segments 3 can be prevented 
from shifting in the circumferential direction, so that the 

io positioning-accuracy can be improved. 

[0070] As shown in Rg. 10. after the straight portions 
31b, 31 c, 32b, 32c of the segments 3 are inserted into 
the slots 2, the outside holders 21 are moved outward 
and the inside holders 22 are moved upward to free the 

75 segments 3. As shown in Fig. 1 1 , a segment press unit 
23 is lowered so that the segment presser 16 presses 
down the turn portions 31a, 32a of the segments 3. 
Thus, the segments 3 are press-fitted into the slots 2 to 
form coil ends of a prescribed height. 

20 [0071] When the segments 3 are press-fitted into the 
slots 2, the turn portions 32a of the big segments 32 are 
pressed down by the segments presser 16. The projec- 
tions 1 6a extending down from the bottom of the seg- 
ment presser 16 hold the middle portions of the turn 

25 portions 31a, 32a to restrict the circumferential shift of 
the segments 3. Thus, the projections 16a prevent the 
segments 3 from colliding with the inner walls of the 
slots 2 to be damaged. 

[0072] The straight portions 31b. 31c. 32b, 32c of the 
30 four radially aligned segments 3 are inserted into the 
slot 2, so that four segments can be aligned in the slot, 
as shown in Rg. 12. 

[0073] After the segments 3 are disposed in all the 
slots 2, the straight portions 31b. 31c, 32b. 32c of the 

35 segments 3 extending from the slots 2 are alternately 
twisted in opposite directions in each layer, respectively 
by angle of T/2 (i.e. one and a half slot-pitches) by an 
edge twisting tool ( not shown). In other words, the seg- 
ments 3 in the first and third layers from the innermost 

40 layer are twisted by T/2 in one circumferential direction, 
and the segments 3 of the second and fourth are 
twisted by T/2 in the other circumferential direction. The 
twisted direction is the same each the layer all around 
the stator core 1 . and the segments in the same layer 

45 incline to the same direction. 

[0074] After the straight portions 3 1 b, 3 1 c. 32b. 32c of 
each the segments 3 are twisted in the circumferential 
direction, insulation films covering the edge portions 
31d, 31e, 32d, 32e of the segments 3 are peeled off 

so after the stator core with the twisted segments are taken 
off, with the edge portions 31d. 31e. 32d, 32e thereof 
being dipped in a strong alkaline solution. Thereafter, 
the edge portions 32d in the first layer from the inner- 
most side and the edge portions 31d in the second layer 

55 are electrically connected, and the portions 31 e in the 
third layer and the edge portions 32e in the fourth layer 
are connected by welding such as TIG welding, brazing, 
resistance welding, electron beam welding, laser beam 
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welding. Thus, a three-phase stator winding is formed 
as shown in Fig. 13. 

[0075] The method of manufacturing a stator using the 
apparatus described above is described with reference 
to a flow diagram shown in Fig. 14. 5 
[0076] The method includes steps of manufacturing 
plural segments 31, 32, twisting the turn-portions 31a. 
32a, pulling out the twisted segments 3, holding the sta- 
tor core 4 with the insulators in the slots 2, inserting the 
segments into the slots 2 of the stator core 1, twisting io 
the edge portions, and welding the edge portions 31d, 
31 e. 32d, 32e. The step of peeling the film can be 
included before the step of welding or in the step of 
manufacturing the segments. 

[0077] When the turn portions 31a, 32a are twisted, is 
the projection 16a holds the turn portions 31a, 32a par- 
tially to restrict the circumferential movement thereof. 
This prevents increase in the height and length of the 
coil ends of the turn portions 31a, 32a. 
[0078] When the segments 3 are inserted into the 20 
slots 2, not the turn portions 31a, 32a but the straight 
portions 31b, 31c, 32b, 32c are held. That is. the seg- 
ments 3 are held near the edge portions 31d. 31e, 32d. 
32e of the segments 3 to be inserted into the slots 2. 
Therefore, the edge portions 31d, 31 e, 32d, 32e can be 25 
positioned accurately as compared to those supported 
at the turn portion thereof. As a result, the segments 3 
can be prevented from being damaged when the seg- 
ments 3 are inserted into the slots 2 and. otherwise, col- 
lide with the inner walls of the slots 2. Even if the 30 
number of slots increases, the segments 3 can be posi- 
tioned accurately. 

[0079] The tooth members 21 1 of the outside holder 
21 hold the segments 3 in the circumferential direction, 
thereby preventing the segments from colliding with the 35 
circumferential walls of the slots 2. The outside surface 
221a of the inside holder 221 and the outside holding 
surface 21 1 c of the outside holder 21 hold the segments 
3 in the radial direction, thereby preventing the seg- 
ments 3 from colliding with the radial walls of the slots 2. 40 
[0080] The projections 16a hold the middle of the turn 
portions 31a, 32a between the circumferential sides 
thereof to restrict circumferential movement of the seg- 
ments 3, when the segments 3 are press-fitted into the 
slots 2. The projection 16a restricts the segments 3 to 45 
shift circumferentially to prevent the collision of the seg- 
ments 3 with the circumferential walls of the slots 2 
when the segments 3 inserted into the slots 2. 
[0081 ] A plurality of segments 3 are processed at the 
same time in the following steps: twisting turn-portions; so 
pulling out the twisted segments 3; inserting the seg- 
ments into the slots 2 of the stator core 1; twisting the 
edge portions; and peeling the insulation coating. As a 
result, the number of manufacturing steps and cost can 
be reduced. ss 



( Second Embodiment) 

[0082] Fig. 1 5 illustrates a step of press-fitting the seg- 
ments into the slots by use of a stator manufacturing 
apparatus according to a second embodiment. The 
method according to the second embodiment is almost 
the same as the first embodiment except a step of 
press-fitting the segments into the slots. 
[0083] In the second embodiment, the assembling tool 
20 has an axial-holder 24 of the segments. The axial- 
holder 24 is disposed on the side of the stator core 
opposite the side thereof from that the edge portions 
31d, 3le, 32d. 32e of the segments 3 are inserted to 
hold the edge portions 31d, 31 e, 32d, 32e of the seg- 
ments 3. 

[0084] In the step of press-fitting, the segments 3 are 
pressed by the presser while the segments are held at 
the edge portions 31d, 31 e, 32d, 32e by the axial-holder 
24. 

[0085] The segments 3 are press-fitted into the slots 
2 while the segments are supported at both the edge 
portions 31d t 31e, 32d. 32e and the turn portions 31a, 
32a. The edge portions 31d, 3le. 32d, 32e are held to 
insert the segments 3 into the slots 2 smoothly in the 
radial direction. Therefore, the damages of the edge 
portions 31d. 31 e. 32d. 32e caused in the slots 2 can be 
reduced. 

( Other Embodiment) 

[0086] The cross-section of the conductor can be 
formed circular. If each of the segments has a circular 
cross-section, the segment-holes 1 1 1 , 1 12, 1 21 . 1 22 of 
the twisting tool 10 of the turn-portions are made circu- 
lar. 

[0087] The holders for moving the plural segments 3 
can be made separate from the guides for the edge por- 
tions 31d, 31e, 32d, 32e of the straight portions 31b, 
31c. 32b, 32c of the plural segments 3 into the openings 
of the slots 2. For example, two holders are provided in 
the axial direction so that the upper holder can be used 
as a segment holder and the lower holder can be used 
as a segment guide instead of the unitary holder 21 
according to the first embodiment. 
[0088] The segments 3 can be disposed in a single 
cicumferential layer instead of multiple layers. In this 
arrangement, the holders 21, 22 described in above 
embodiments are efficient in moving the plural seg- 
ments and insert them into the stator core 1 accurately. 

Applicable Industrial Field of the Invention 

[0089] The present invention relates to a method and 
an apparatus for manufacturing an AC generator for a 
vehicle such as a passenger car. a truck or the like. The 
method and apparatus according to the embodiment of 
the invention are useful to a powerful vehicular AC gen- 
erator. 



» 0945962A1_I_> 



7 



13 



EP 0 945 962 A1 



14 



Claims 

1 . An apparatus for manufacturing an alternator stator 
for vehicle that equips an annular stator core (1) 
having circumferentially aligned slots (2) with con- 5 
ductor segments (3. 31. 32), characterized by 
including: 

a conductor holder (21, 22) holding said con- 
ductor segments (3, 31, 32); and 10 
an axial-moving mechanism (214) which 
moves said conductor holder (21, 22) in the 
axial direction relative to a stator core (1); 
wherein 

said conductor holder (21, 22) comprises a is 
guide guiding straight portions (31b, 31c, 32b, 
32c) of said conductor segments (3, 31,32) 
inserted into said slots ( 2) in an axial direction. 

2. The apparatus for manufacturing an alternator sta- 20 
tor for a vehicle as claimed in claim 1 , wherein 

said conductor holder (21, 22) guides said 
straight portions (31b, 31c, 32b, 32c) at por- 
tions adjacent to an end of said stator core (1). 25 

3. The apparatus for manufacturing an alternator sta- 
tor for vehicle in claim 1 or 2, wherein 

said conductor holder (21 , 22) comprises a dr- 30 
cumferential guide (21 1d, 21 1e) which guides 
opposite sides of said straight portions (31b, 
31c, 32b. 32c) in a circumferential direction of 
said stator core (1). 

35 

4. The apparatus for manufacturing an alternator sta- 
tor for vehicle as claimed in claim 3. wherein 

said circumferential guide (21 Id, 21 1e) moves 
in a radial direction of said stator core (1). 40 

5. The apparatus for manufacturing an alternator sta- 
tor for vehicle as claimed in any one of claims 1 -4, 
wherein 

45 

said conductor holder (21, 22) comprises a 
radial guide (211c, 221) which guides opposite 
sides of said straight portions (31b, 31c, 32b. 
32c) in a radial direction of said stator core (1). 

so 

6. The apparatus for manufacturing an alternator sta- 
tor for vehicle in claim 5. wherein 

said radial guide (21 1c. 221) moves in a radial 
direction of said stator core (1 ). 55 

7. The apparatus for manufacturing an alternator sta- 
tor for vehicle as claimed in any one of claims 1 -6. 



wherein 

said conductor holder (2 1 , 22) holds said plural 
conductor segments (3. 31, 32) at the same 
time. 

8. The apparatus for manufacturing an alternator sta- 
tor for vehicle as claimed in any one of claims 1-7 
including a presser (23) which press-fits said con- 
ductor segments (3, 31 , 32) into said stator core (1) 
in an axial direction of said stator core (1). 

9. The apparatus for manufacturing an alternator sta- 
tor for vehicle in claim 8. wherein 

said conductor segments (3, 31, 32) are U- 
shaped. and 

said presser (23) comprises a circumferential 
supporting portions (16a) restricting turn por- 
tions (31a, 32a) of said conductor segments (3, 
31, 32) to move in a circumferential direction of 
said stator core (1). 

1 0. The apparatus for manufacturing an alternator sta- 
tor for vehicle in claim 9. wherein 

said circumferential holder (16a) comprises a 
projection disposed on a surface of said 
presser (23) in contact with said turn portions 
(31a, 32a) of said conductor segments (3, 31, 
32). 

11. The apparatus for manufacturing an alternator sta- 
tor for vehicle as claimed in any one of claims 8-10, 
including an axial holder (24) holding edge portions 
(31d, 31 e, 32d, 32e) of said conductor segments (3, 
31 . 32) in an axial direction when said presser (16) 
presses down said conductor segments (3, 31, 32). 

1 2. A conductor-twisting apparatus for twisting turn por- 
tions (3 la, 32a) of U-shaped conductor-segments 
(3, 31, 32) inserted in plural circumferentially dis- 
posed slots (2) of a stator core (1), said apparatus 
comprising: 

a first turning too! (11) which holds one straight 
portions (31b. 32b) of said U-shaped conduc- 
tor-segments (3. 31 , 32). 

a second turning tool (12) which holds the 
other straight- line portions (31c. 32c) of said 
U-shaped conductor-segments (3, 31, 32) and 
turns relative to said first turning-tool (11), and 
a circumferential holder (16a) which holds mid- 
dle portion of said turn portions (31a. 32a) of 
said U-shaped conductor segments (3. 31. 32) 
and restrict circumferential movement of said 
turn portions (31a. 32a). 
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13. The conductor-twisting apparatus as claimed in 
claim 12, wherein 

said U-shaped conductor-segments (3, 31 , 32) 
include overlapping conductor segments of dif- 5 
ferent radiuses of curvature, 
said first turning tool (11) and said second turn- 
ing tool (12) respectively hold straight portions 
(31b, 32b, 31c, 32c) extending from opposite 
sides of said turn portions (31a. 32a) of said 10 
overlapping conductor segments (3, 31. 32) 
having said different radiuses, and 
said circumferential holder (16a) restricts cir- 
cumferential movement of said overlapping 
turn-portions (31a, 32a). is 

14. The conductor-twisting apparatus as claimed in 
claim 12 or 13, wherein 

holding holes (111, 112, 121, 122) are provided 20 
in said first turning-tool (11) and said second 
turning-tool (12) in the axial direction thereof, 
and 

said holding holes (111, 112. 121, 122) hold 
said straight portions (31b. 31c. 32b, 32c) of 25 
said conductor segments (3. 31 . 32). 

15. The conductor-twisting apparatus as claimed in 
claim 14, wherein 

30 

as many said holding holes (111, 112, 121, 
122) as a number corresponding to the number 
of said slots (2) are provided at equal intervals 
in the circumferential direction. 

35 

16. A method of twisting plural conductor segments 
comprising: 

a fixing step of inserting straight portions (31b, 
31c, 32b, 32c) of U-shaped conductor-seg- 40 
ments (3, 31 , 32) which forms a stator winding 
into holding holes (1 1 1 , 1 1 2, 1 21 , 1 22) of a first 
turning-tool (11) which turns in a circumferen- 
tial direction and of a second turning-tool (12) 
which turns in the opposite circumferential 45 
direction coaxially with said turning-tool (1 1). 
a turn-portion-holding step of holding only a 
middle portion of said turn portions (31a. 32a) 
to restrict circumferential movement of said first 
and second turning-tools (1 1 , 12), and so 
a twisting step of twisting said first turning-tool 
(11) and said second turning-tool (12) relative 
to each other. 

17. The method of twisting plural conductor segments 55 
as claimed in claim 16, wherein 

said fixing step comprises a step of disposing 



said plural U-shaped conductor segments (3. 
31 . 32) in a circumferential direction. 

18. The method of twisting plural conductor segments 
as claimed in claim 16 or 17, wherein 

said fixing step comprises a step of overlapping 
turn portions (31a, 32a) of said plural U-shaped 
conductor-segments (3. 31. 32) having differ- 
ent turn portions (31a, 32a) in curvature-radius, 
a step of inserting said straight portions <31b, 
32b, 31c. 32c) of one half of said turn portions 
(31a. 32a) into said holding holes (1 1 1 , 1 12) on 
said first turning-tool (11), and another step of 
inserting said straight portions (31b, 32b t 31c. 
32c) of the other half of said turn portions {31 a. 
32a) into said holding holes (121. 122) of said 
second turning-tool (12). 

19. A method of manufacturing an alternator stator for 
vehicle comprising: 

a holding step of holding U-shaped conductor 
segments (3, 31 , 32). 

a inserting step of guiding and inserting 
straight portions (31b. 31c, 32b. 32c) from edge 
portions (31d, 31 e. 32d. 32e) thereof into slots 
(2) disposed circumferentially in an annular 
stator core(1). and 

a pres-fitting step of press-fitting said U- 
shaped-cond uctor segments (3, 31. 32) into 
said slots (2) at turn portions (31a, 32a) 
thereof. 

20. The method for manufacturing an alternator stator 
for vehicle as claimed in claim 19, wherein 

said inserting step restricts movement of said 
turn portions (31a, 32a) of said U-shaped con- 
ductor segments (3. 31 . 32) in the circumferen- 
tial directions of said stator core (1). 

21. The method of manufacturing an alternator stator 
for vehicle as claimed in claim 1 9 or 20, wherein 

said press-fitting step comprises a step of 
restricting movement of said turn portions (31a, 
32a) at the middle thereof, and a step of press - 
fitting said U-shaped conductor segments (3, 
31, 32) into said slots <2). 
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